Multiple sclerosis has been hypothesized to be the result from an aberrant immune response possibly triggered by delayed exposure to a common childhood infection. Because the vast majority of previous studies testing this hypothesis have been based on a history of childhood infections recalled years to decades later in adulthood, we investigated whether age at six common childhood infections was associated with risk of multiple sclerosis, using information recalled in the childhood of a historical cohort of school children in Denmark. Cases included all individuals with multiple sclerosis in the country born between 1940 and 1975, who had attended school in the capital, Copenhagen. Controls were age-and sexmatched peers. School health records were obtained for all subjects. The records contained information on measles, pertussis, scarlet fever, birth order, sibship size, social class of the father, school years, and name of school and attended school classes for children born since 1940 (n cases = 455, n controls = 1801). For children born since 1950, the records also contained information on rubella, varicella and mumps (n cases = 182, n controls = 690). Neither age at infection with measles, rubella, varicella, mumps, pertussis and scarlet fever (upper age limit, 14 years) nor the cumulative number of these infections between the ages of 10 and 14 years was associated with the risk of multiple sclerosis. In addition, the risk of multiple sclerosis was not associated with birth order or social class. No clustering of multiple sclerosis in school classes was observed. Our findings suggest that measles, rubella, mumps, varicella, pertussis and scarlet fever, even if acquired late in childhood, are not associated with increased risk of multiple sclerosis later in life.
Introduction
Multiple sclerosis is today one of the most common neurological disorders among young adults. The hypothesis that multiple sclerosis is caused by a microorganism dates back to 1884, shortly after the first scientific description of the disease, and was based on the observation that symptoms of infection coincided with acute episodes of multiple sclerosis (Marie, 1884) . Despite many years of research, the aetiology of multiple sclerosis remains unknown. It is now believed that multiple sclerosis is an immune-mediated disorder due to genetic and environmental factors, possibly including viral infections (Kurtzke, 1993; Willer et al., 2003) .
The importance of environmental factors in the pathogenesis of multiple sclerosis is emphasized by studies showing that more than 80% of multiple sclerosis patients do not have affected relatives, and that around 75% of twins with an affected identical twin do not develop multiple sclerosis (Sadovnick and Macleod, 1981; Ebers et al., 1986; Willer et al., 2003) . Furthermore, the world appears to be geographically divided into high-risk areas of multiple sclerosis to the north and south and low-risk areas towards the equator, a division which might reflect the influence of climatic, sanitary or socioeconomic factors in interaction with an infectious agent (Hammond et al., 1988; Lauer, 1994; Hammond et al., 1996; Kurtzke, 1993; Kurtzke and Page, 1997) .
The hypothesis that multiple sclerosis could be the result from an aberrant immune response possibly triggered by delayed exposure to a common childhood infection (Poskanzer et al., 1963) is primarily based on indirect evidence from migration studies (Alter et al., 1962) . Thus, the risk of multiple sclerosis has been reported to change with Brain Vol. 127 No. 11 # Guarantors of Brain 2004; all rights reserved migration before but not after the age of 15-20 years between regions with differing occurances of multiple sclerosis (Dean and Kurtzke, 1971; Detels et al., 1978) . Other indirect evidence favouring the hypothesis comes from ecological studies according to which positive antibody titres to a variety of viral diseases are more frequent early in childhood in areas where multiple sclerosis is rare compared with areas where multiple sclerosis is common (Alter et al., 1987) . Finally, some studies have reported a higher risk of multiple sclerosis in persons of early birth order (Isager et al., 1980; Zilber et al., 1988; Hernan et al., 2001 ) and high social class (Miller et al., 1960; Beebe et al., 1967; Russell, 1971; Phadke and Downie, 1987; Gonzalez and Sotelo, 1995; Zilber and Kahana, 1996; Kurtzke and Page, 1997) . Since children of early birth order and of families of high social class tend to acquire common infections at a later age in childhood (Hammon et al., 1950; Mucci et al., 2004) , these findings are also compatible with the hypothesis of a link between late age at childhood infection and increased risk of multiple sclerosis (Poskanzer et al., 1963; Granieri et al., 2001) .
Several studies have related the risk of multiple sclerosis to age at childhood infections such as measles, rubella, varicella, mumps, pertussis and scarlet fever (Panelius et al., 1973; Alter and Cendrowski, 1976; Poskanzer et al., 1980a; Andersen et al., 1981; Haile et al., 1982; Sullivan et al., 1984; Compston et al., 1986; Italian Multiple Sclerosis Study Group, 1989; Hays, 1992; Gronning et al., 1993; Casetta et al., 1994; Bansil et al., 1997; Bachmann and Kesselring, 1998; Hernan et al., 2001; Tarrats et al., 2002; Haahr et al., 2004) . However, results have been inconclusive and the possible influence of bias has been emphasized (Granieri and Casetta, 1997; Casetta and Granieri, 2000; Marrie and Wolfson, 2001) . Nearly all of these investigations have been hospital-based and/or based on retrospective exposure information collected in adulthood. Such methods may create bias, e.g. because it is difficult to recall exact age at infections in childhood decades later in life. Moreover, small sample size has led to low statistical power in some studies.
We took advantage of a unique collection of school health records of children with information on exposures recorded in childhood in a uniform manner and prior to multiple sclerosis onset, to study whether age at common childhood infections, birth order, and social class are factors associated with risk of multiple sclerosis. In addition, we investigated whether multiple sclerosis clustered among persons who had been classmates in childhood.
Material and methods
The investigation is based on a unique historical archive containing school health records for children who attended primary schools in the capital of Denmark, Copenhagen. The children who later developed multiple sclerosis were identified in the Danish Multiple Sclerosis Register. The identification of cases and controls, described below, was made possible by the unique personal identification numbers assigned to all Danish citizens since April 1, 1968, by the Danish Civil Registration System (Malig, 1996) , which also contains updated information on vital status, residence, present and historical names, and date of birth.
Register of school health records of Copenhagen
The register of school health records is based on person-identifiable information manually computerized from the records of 325 218 children born during the period 1930 to 1975. A total of 286 533 children (88%) have been identified in the Civil Registration System with a personal identification number using information on date of birth and name of child recorded on the school health records (Ahlgren M, Wohlfahrt J, Sørensen TIA, Melbye M, unpublished observations).
Danish Multiple Sclerosis Register
The Danish Multiple Sclerosis Register was formally established in 1956, in continuation of a nationwide surveillance study in 1949. The register has since collected information on multiple sclerosis patients from all Danish departments of neurology, practising neurologists, multiple sclerosis rehabilitation centres, departments of neuropathology, death certificates, and since 1977 the National Hospital Discharge Register (Koch-Henriksen, 1999) . All cases are evaluated and classified by a neurologist. Cases with onset before 1994 were evaluated using the diagnostic criteria of Allison Millar and Allison, 1954) , whereas cases with onset after 1993 are evaluated employing the Poser criteria (Poser et al., 1983) . Only cases fulfilling the diagnostic criteria of Allison or Poser (including possible multiple sclerosis) are considered as multiple sclerosis cases. The completeness of the register is estimated to be more than 90% and the diagnostic validity for autopsy cases classified as definite multiple sclerosis in the register to be 94% (Koch-Henriksen et al., 2001) . A total of 12 407 (85%) of the 14 622 patients in the register were alive on April 1, 1968, or later and had therefore been assigned a personal identification number, making unique linkage with other registers possible.
Identification of cases and controls
The Danish Multiple Sclerosis Register was linked with the register of school health records using the personal identification number. A total of 661 multiple sclerosis cases diagnosed after the age of 14 years were identified. For each case we initially selected seven potential controls in the register of school health records, matching the case for sex and for date of birth randomly within 1 month, and being alive and resident in Denmark in the year when the case was diagnosed with multiple sclerosis. Since information on childhood infections had not previously been computerized, we manually searched the archive of school health records and identified all cases and four of the seven corresponding controls. Records belonging to subjects born before 1940 did not have information on specific childhood infections and were excluded, leaving a total of 455 cases and 1801 controls in the study.
Exposure data
The archive of school health records contains records of regular, mostly annual, health examinations of children attending schools in the municipality of Copenhagen, as described elsewhere (Andersen et al., 1981) . Included is information on history of measles, pertussis, and scarlet fever for children born since 1940 and, for children born since 1950, of rubella, varicella and mumps. The information is obtained from parents by the school physician at school entry (average age, 7 years) and during school years (ages 7-14 years). Time of childhood infection was recorded either as the exact date (2%), the month and year (10%), the year (56%), or as prior to school entry (32%). For children born since 1940, the records also contain information on birth order, sibship size, father's occupation, school years, name of the school, attended grades, and identity of the attended classes. Social class in childhood was derived from the father's occupation recorded when starting school (Enevoldsen et al., 1980) . Vaccination against pertussis was introduced in Denmark in 1961; vaccinations against the other studied infections had not been administered (Plesner and Ronne, 1994) during the exposure period.
Statistical analyses
All risk ratios were estimated as odds ratios (ORs) using conditional logistic regression to take the matched design into account. We assessed the independent effect on risk of multiple sclerosis of each childhood infection acquired at any age (yes, no, missing) and at different ages within the age span 0-14 years, with and without adjustment for possible confounding by birth order (1, 2, 3, 4, 5+ , missing) and social class (I, II, III, IV, V, missing). Similarly, we assessed the effect on risk of multiple sclerosis of the cumulative number of the six infections acquired at ages 0-14, 10-14 and 7-14 years; in the two latter analyses estimates were further adjusted for cumulative number of infections before age 10 and 7 years, respectively. We also assessed the effect on risk of multiple sclerosis of birth order, sibship size and social class. Finally, we assessed whether multiple sclerosis clustered in school classes by investigating whether classmates of multiple sclerosis cases were at increased risk of multiple sclerosis. A person was defined as 'having a multiple sclerosis case as a classmate' if the multiple sclerosis case was diagnosed before that person. To avoid bias, controls were assigned a pseudo-date of diagnosis, which was the date of diagnosis of their corresponding case. P values were based on likelihood ratio tests and 95% confidence intervals (CIs) were based on Wald's tests. The statistical software program SAS version 8.2 was used for the analyses (SAS Institute, Cary, NC, USA).
Results
Cases had been diagnosed with multiple sclerosis between the age of 15 and 56 years (mean age 35.0 years) and the ratio of males to females was 1:1.9. The prevalence of reported childhood infections before the age of 15 years among cases and controls was, respectively, 78 and 80% for measles, 45 and 45% for rubella, 68 and 67% for varicella, 35 and 41% for mumps, 50 and 52% for pertussis, and 8 and 10% for scarlet fever. Table 1 shows the risk of multiple sclerosis according to history of infection with measles, pertussis and scarlet fever among 455 cases and 1801 controls, and of rubella, varicella and mumps among 182 cases and 690 controls. Overall, no specific childhood infection before the age of 15 years was associated with risk of multiple sclerosis. Table 2 shows the risk of multiple sclerosis according to age at infection. Overall, age at measles, rubella, mumps, varicella, pertussis and scarlet fever was not significantly associated with risk of multiple sclerosis. These findings did not change materially when grouping together subjects in intervals of ages at infection between 10 and 14 years, 7 and 9 years, and 0 and 6 years, the last group including also those subjects who had a positive history of infection before age 7 years but for whom age at infection had not been specified (data not shown). A total of 164 cases and 585 controls born in 1950 or later had complete information on the history of all six studied infections. Among these subjects, the risk of multiple sclerosis did not vary by number of infections between the ages of 10 and 14 years (Table 3) , between the ages of 7 and 14 years, or before the age of 15 years (data not shown).
The risk estimates presented in Tables 1, 2 and 3 were similar with and without adjustment for social class and birth order, or social class and sibship size. Estimates for pertussis did not change materially when excluding from the analyses subjects born after pertussis vaccination was introduced (57 cases) (Plesner and Ronne, 1994) . Table 4 shows the risk of multiple sclerosis among the 455 cases and 1801 controls according to birth order, sibship size and social class of the father on starting school. Being a firstborn or having no siblings did not constitute risk factors for multiple sclerosis. Table 4 also shows that risk of multiple sclerosis was not associated with social class in childhood. Neither of the above comparisons (birth order, sibship size, social class) changed materially when mutually adjusted (data not shown).
The risk of multiple sclerosis was not significantly associated with having been classmates with a case (OR 1.1; 95% CI, 0.7-1.6); thus 36/449 (8.0%) cases and 130/1761 (7.4%) controls were classmates with a case for 1 year or more, and no cases were classmates with more than one case (six cases with no information on class identity were excluded from the analyses).
None of the results presented above and in the tables changed materially when cases diagnosed before (n = 238) and after (n = 217) the age of 35 years were grouped separately in the analysis (scarlet fever was not analysed due to small numbers). None of the results presented changed materially when excluding from the analyses the 55 cases with a diagnosis of possible multiple sclerosis. z P value for a homogeneity test by which we test for a differential effect of infection at different ages within the age span 0-14 years;
¶ positive history of infection before the age of 7 years but age at infection not specified. *Childhood infections included measles, rubella, varicella, mumps, pertussis and scarlet fever. A total of 18 of the 182 cases from the original case population with information on childhood infections were excluded from the analyses due to incomplete information on history of all six infections. y Adjusted for birth order, social class and cumulative number of infections before the age of 10 years (0, 1, 2, 3 or more); z P value for a homogeneity test by which we test for a differential effect of 0, 1 and 2-3 infections; § due to small numbers, categories of three infections were included in the category of two infections.
o Discussion
According to the present case-control study, childhood infection with measles, rubella, mumps, varicella, pertussis or scarlet fever, whether acquired at a late age or cumulatively, is not associated with the risk of multiple sclerosis. The overall interpretation (Casetta and Granieri, 2000) of previous (Panelius et al., 1973; Alter and Cendrowski, 1976; Poskanzer et al., 1980a; Andersen et al., 1981; Haile et al., 1982; Sullivan et al., 1984; Compston et al., 1986; Italian Multiple Sclerosis Study Group, 1989; Hays, 1992; Gronning et al., 1993; Casetta et al., 1994; Bansil et al., 1997; Bachmann and Kesselring, 1998) and, in some cases, more recent studies (Hernan et al., 2001; Tarrats et al., 2002; Haahr et al., 2004) is that the frequency of each of these infections is not different between multiple sclerosis patients and controls or reference populations, but that cases generally report a later age at infections. Most studies relating multiple sclerosis to age at infection have, however, been criticized (Granieri and Casetta, 1997; Casetta and Granieri, 2000; Marrie and Wolfson, 2001) . Specifically, only a small study has avoided the potential bias from recalling age at childhood infections during adulthood or after multiple sclerosis development (Andersen et al., 1981) . In addition, few studies have enrolled cases and controls from the general population (Poskanzer et al., 1980a; Andersen et al., 1981; Sullivan et al., 1984; Casetta et al., 1994) or with a shared childhood environment (Poskanzer et al., 1980a; Andersen et al., 1981; Sullivan et al., 1984; Hays, 1992; Hernan et al., 2001; Tarrats et al., 2002; Haahr et al., 2004) . Avoiding all of these potential sources of bias, our results do not support the belief that patients with multiple sclerosis are older at childhood infection than control populations with respect to measles (Panelius et al., 1973; Alter and Cendrowski, 1976; Haile et al., 1982; Sullivan et al., 1984; Compston et al., 1986; Gronning et al., 1993; Bachmann and Kesselring, 1998) , rubella (Compston et al., 1986; Bachmann and Kesselring, 1998) , mumps (Hays, 1992; Bachmann and Kesselring, 1998; Hernan et al., 2001) , varicella (Bachmann and Kesselring, 1998) , pertussis (Poskanzer et al., 1980a) or scarlet fever (Bachmann and Kesselring, 1998) .
In our analyses we did not find any association between risk of multiple sclerosis and delayed exposure to common childhood infections as approximated by birth order. The lack of an association with early birth order is in agreement with reports from most other case-control studies (Antonovsky et al., 1965; Alter and Cendrowski, 1976; Visscher et al., 1982; Berr et al., 1989; Koch-Henriksen, 1989; Operskalski et al., 1989; Matias-Guiu et al., 1994; Gaudet et al., 1995) , although not all (Isager et al., 1980; Zilber et al., 1988; Hernan et al., 2001 ). Isager and colleagues studied 46 Danish multiple sclerosis patients and controls and reported a decreased risk of multiple sclerosis among persons with three or more older siblings (Isager et al., 1980) . The authors used a design and material similar to those of the present study but they did not describe the diagnostic inclusion criteria of multiple sclerosis, and we could not reproduce their significant result among 66 patients identified using the same years of multiple sclerosis diagnosis and births (OR 0.6; 95% CI, 0.3-1.2; birth order 3 or more versus 1 and 2). Zilber and colleagues found the mean birth order number among 97 Israeli multiple sclerosis patients to be significantly lower when compared with controls, but the authors themselves were concerned about selection bias (Zilber et al., 1988) . Hernan and colleagues studied 301 female cases and reported firstborns in large sibships (>4) to be at increased risk of multiple sclerosis, but trend analyses were less convincing (Hernan et al., 2001) .
We also assessed the possible association between risk of multiple sclerosis and social class. It has been proposed that age at common infections in childhood is inversely associated with social class in childhood, reflecting sanitary conditions and hygienic standards. Accordingly, high socio-economic status should confer an increased risk of multiple sclerosis (Poskanzer et al., 1963) . We found no association using social class derived from the father's occupation at school start, a finding compatible with most previous studies using similar socio-economic status in childhood (Antonovsky et al., 1965; Alter and Speer, 1968; Poskanzer et al., 1980b; Berr et al., 1989; Koch-Henriksen, 1989; Operskalski et al., 1989) . With respect to socio-economic status later in life, several studies, notably two large population-based studies from the USA and Australia, have reported an association with high socioeconomic status in adolescence, adulthood, or at multiple sclerosis onset (i.e. educational level or social class), but these findings are not easily interpreted in the context of ) ) exposure to infections in childhood (Miller et al., 1960; Beebe et al., 1967; Russell, 1971; Visscher et al., 1981; Phadke and Downie, 1987; Italian Multiple Sclerosis Study Group, 1989; Casetta et al., 1994; Gonzalez and Sotelo, 1995; Hammond et al., 1996; Zilber and Kahana, 1996; Kurtzke and Page, 1997) . There are, however, also exceptions to these findings (Antonovsky et al., 1967; Alter and Speer, 1968; Panelius, 1969; Poskanzer et al., 1980b; Berr et al., 1989; Koch-Henriksen, 1989; Operskalski et al., 1989; Ghadirian et al., 2001; Tarrats et al., 2002) . Finally, a possible infectious aetiology of multiple sclerosis has also been suggested on the basis of observations of spacetime clusters of multiple sclerosis (Riise, 1997) . More recently, Haahr and colleagues reported a cluster of eight multiple sclerosis patients in a Danish community who, during a 13-year period, attended the same elementary school from the age of 7 to 14 years and were also scouts together (Haahr et al., 1997) . However, we found no evidence that multiple sclerosis clustered among persons who had been classmates during that period of childhood.
In a supplementary analysis we explored whether delayed exposure to a childhood infection might specifically be a cause of multiple sclerosis developed at a relatively old age. The hypothesis was invoked by studies reporting that the risk of presumably genetically determined multiple sclerosis that may accumulate in families increases with decreasing age at onset in the affected relative (Sadovnick et al., 1998) . Grouping multiple sclerosis diagnosed before and after the age of 35 years separately and repeating all analyses showed no significant variation in risk estimates.
Overall, we did not find any association between risk of multiple sclerosis and exposure to childhood infections. It is, however, interesting, although not systematically reported, that the records of three cases and three controls had recorded information on infectious mononucleosis, corresponding to a 4-fold increase in the risk of multiple sclerosis (95% CI, . Previously, a 2-to 3-fold significantly increased risk of multiple sclerosis after infectious mononucleosis has been reported and Epstein-Barr virus has therefore been suggested to be involved in the development of multiple sclerosis (Operskalski et al., 1989; Lindberg et al., 1991; Hernan et al., 2001; Haahr et al., 1995 Haahr et al., , 2004 .
In conclusion, our findings suggest that measles, rubella, mumps, varicella, pertussis and scarlet fever, even if acquired late in childhood, are not associated with increased risk of multiple sclerosis later in life.
